Abstract The aim of the study was to evaluate the mineral content in the diets of amateurs preparing for a marathon. The examined group consisted of 92 women (W), whose average age was 30.8 ±6.7 years and 66 men (M), whose average age was 33.2 ±6.6 years. The evaluation of the mineral content of the diets of the surveyed people was done using three-day dietary records which included one day of the weekend. The average daily sodium content in the diets of women was 1,952.2 ±729.2 mg, and in the diets of men it was 3,093.1 ±1,063.3 mg whereas potassium content was 3,361.6 ±798.5 mg and 3,900.3 ±982.3 mg respectively. The potassium content of less than 90% of fulfilling the norm was observed in the diets of 84.8% of women and 66.7% of men. The average content of calcium in the diets of women and men amounted to 887.5 ±278.8 mg and 1,162.6 ± 434.3 mg/day respectively. The diets of 30.4% of women and 16.7% of men had insufficient calcium content as compared to the norms. The average daily phosphorus and magnesium content was significantly higher in men than in women (1,374.6 ±348.6 vs 1,823.5 ±473.0 mg and 373.4 ±107.1 vs 423.6 ±108.8 mg). Magnesium intake was insufficient in the diets of 14.1% of women and 28.8% of men. The average daily content of iron, zinc and copper in the group of women was: 12.1 mg, 10.1 mg and 1.4 mg, while in the diets of men respectively 14.8 mg, 13.5 mg and 1.5 mg. The highest percentage of diets not fulfilling the norm was found for calcium and potassium in women, and potassium and magnesium for men.
Introduction
In recent years, running has become a very popular form of physical activity, as evidenced by the growing number of amateurs competing in marathons and half-marathons. Training in preparation for a marathon is similar to the structure of long-distance runs that best prepare for long-term physical exertion (Dzięgiel, Lubowiecki-Vikuk, 2013; Skrzypczak, Jarecka, Fąk, 2014) . When preparing for a marathon, the whole functioning of the body is subject adaptation, especially cardiovascular, nervous and respiratory systems (Celejowa, 2008) . Among those taking part in the marathon, there is great interest in ways that would help to achieve the maximum efficiency of the body during prolonged exercise. One of them is the use of a properly balanced diet, which may significantly affect the sports results obtained and support the regeneration process after exercise (Figurska-Ciura, Bartnik, Bronkowska, Biernat, 2014) .
The diet of physically active people during training should take into account not only the increased demand for energy and ingredients such as carbohydrates, proteins and fats, but also consider vitamins and minerals which act as the regulatory and building blocks (Żbikowski, Lebiedzińska, Czaja, 2007) . The following minerals may be mentioned among the most important minerals in the diet of the athlete: calcium, phosphorus, magnesium, sodium, potassium, iron, zinc and copper. Deficiencies of vitamins and minerals in athletes results in a reduced ability to exercise. Due to irregular eating or restricting the use of certain products, many athletes consume an insufficient amount of vitamins and minerals. Training also increases the demand for these components because of the accelerated metabolism and losses associated with the loss incurred through sweat and urine (Matwiejuk, 2009; Szczepańska, Malczewska, 2003) . Supplementing these minerals in their diet thus becomes a necessity. Increased food intake in order to cover the energy needs should also protect the athletes in terms of supply of dietary minerals (Maughan, 1999) .
The aim of the study was to evaluate the mineral content in the diets of amateurs preparing for a marathon.
Material and methods
The study group consisted of 158 people (92 women and 66 men) who were preparing to participate in the Wroclaw marathon in 2012 and 2013. The average age of women and men was 30.8 ±6.7 and 33.2 ±6.6 years respectively. All subjects participated in the program entitled "I Ty możesz zostać maratończykiem". Running classes lasted half a year, and their aim was to prepare the participants in the program to complete a marathon. During the preparatory period the marathoners took part in 2 organized practise sessions per week for a total average distance of 25-35 km. Additionally, they had to do 2 workouts individually in their spare time, according to the trainer's recommendations.
The subjects had their height, weight, waist and hip circumferences measured and their Body Mass Index (BMI) was calculated.
Dietary data were collected in the preparatory period before the marathon in May and June in 2012 and 2013. The evaluation of the mineral content in the diets of people participating in the study carried out by the 3-days dietary record with the following days: one day of training, one day without training and one day of the weekend. Study participants wrote down consumed food products using household measurements (eg. a spoon, plate, cup), and then trained surveyors clarified the of mass food intake using the "Album of photographs of food products and dishes" (Szponar, Wolnicka, Rychlik, 2000) . The analysis of daily food rations in terms of mineral content were performed the computer program "Food Processor SQL" containing a Polish database developed by Kunachowicz et al. (2005) .
For each of the subjects, an average content of minerals such as sodium, potassium, calcium, phosphorus, magnesium, iron, zinc and copper in diet was calculated and compared it with the standards of nutrition for the Polish population at the level of Estimated Average Requirement (EAR) or Adequate Intake (AI), taking into account the age and gender of the subjects (Jarosz, 2012) . The average fulfilment of norms of minerals and the proportion of people whose diets did not meet the norms were evaluated. The proportion of diet, which fulfilled the norms for minerals within the following ranges: <90%, 91-110%, 111-150%, 151-200%, >200% were also evaluated.
A statistical analysis was performed using the software STATISTICA 10 from StatSoft, Inc. USA. Comparison of the mineral content in the diets of men and women were performed using non-parametric U Mann Whitney test, and categorical variables using the Chi 2 test. P value <0.05 was assumed as the level of significance.
Results Table 1 shows the characteristics of the study group of women and men. Average BMI indicated that studied women were characterized by normal weight, while in men the average value was in the overweight range. The study evaluated daily food rations (DFR) in terms of the content of mineral components such as sodium, potassium, calcium, phosphorus, magnesium, iron, zinc and copper, and the results are shown in Tables 2 and 3 . The average intake of all dietary minerals with the exception of copper was statistically significantly higher in a group of men compared to the group of women (Table 2 ). Daily food rations for men and women, with an average energy value of 1,982.3 ±506.5 and 2,808.1 ±731.6 kcal/day respectively (p < 0.05), covered the needs of the majority of the study group to evaluated minerals, with the exception of potassium. It was found that diets of 93% of women and 80% of men did not cover the demand for this mineral. X -mean, SD -standard deviation, * p value for differences in the amount of diets lower than the norm between men and women.
The average intake of sodium with the diet was 1,952.2 ±729.2 mg/day in the group of women and 3,093.1 ±1063.3 mg/day in the group of men, which was 130.1% and 206.2% of the norm. The study did not take into consideration the salt added to foods during their preparation.
The average intake of calcium in the diets of women surveyed was 887.5 ±278.8 mg and 1,162.6 ±434.3 mg in the group of men, which represented 110.9% and 145.3% fulfilment of the norms. At the same time, it was observed that the diets of 44.6% of women and 19.7% of men did not cover the daily requirement for calcium.
The average intake of phosphorus in the DFR for women and men preparing for a marathon exceeded the norm and was as follows: 1,374.6 ±348.6 mg/day (237.0% of the norm) and 1,823.5 ±473.0 mg/day (314.4% of the norm). In the diets of approximately 70% of women and 86% men, phosphorus intake exceeded 200% of the norm (Table 4 ). In the diets of men as well as in the diets of women an abnormal ratio of calcium to phosphorus amounting 0.7 : 1 and 0.63 : 1, was noted, although the preferred ration is 1 : 1. The average intake of magnesium in DFR for women was 373.4 ±107.1 mg/day (143.9% of the norm), and a group of men 423.6 ±108.8 mg/day (124.2% of the norm). It was observed that, a high percentage of women and men's diets did not provide optimal amounts of magnesium. Magnesium intake below the norm pertained to 14.1% of women and 30.3% men.
The average percentage of fulfilment of the norm for iron in the diets of women was 151.1% (12.1 ±3.5 mg/day), and 247.4% in the diets of men (14.8 ±4.7 mg/day). Supply of iron below the norm was observed in 8.7% of women. Furthermore it was found that 69% of the diets of men exceeded the supply of iron standard twice over (Table 4) .
The average intake of zinc in the DFR of the surveyed people covered daily requirement and averaged 10.1 ±2.6 mg/day for women and 13.5 ±3.8 mg/day for men. At the same time, it was found that about 10% of the diets of women and 12% of the diets of men did not fulfil this trace mineral norm. The average supply of copper in DFR was 1.4 ±0.5 mg/day in the group of women and 1.5 ±0.4 mg/day in the group of men, which in both groups exceeded the norm more than twice (Table 4) .
It has been shown that the percentage of women whose diets did not cover the demand for sodium, potassium, calcium, and iron was statistically significantly higher compared to men (Table 3) . On the other hand there was a statistically significantly higher proportion of men whose diets do not fulfil the standards for magnesium than women.
Discussion
The study shows that the daily food rations for both women and men preparing for a marathon were characterized by insufficient content of some minerals, especially potassium, calcium and magnesium.
The average energy value of DFR of the surveyed population for both women and men was lower than the energy demand of people of moderate physical activity (Jarosz et al., 2012) . Wierniuk and Włodarek (2013) have also shown that DFR of aerobic sports-training men has too low energy value (average of 2,466 ±591 kcal/day with an average demand of 3,331 ±252 kcal/day). Similar results were obtained by Włodarek et al. (2011) , who evaluated the implementation of energy demand in long-distance runners. The average energy value of the diet was 3,030 ±520 kcal for men and 2,100 ±700 kcal for women. Insufficient energy values of the diet, lasting for a long time, particularly among individuals with increased physical activity can affect the insufficient supply of nutrients, including the micro-and macronutrients.
Increased supply of minerals in the diet of sportsmen and amateurs may be necessary due to the increased loss in sweat and urine (Lombardi et al., 2013) . With respect to individual components, the greatest threat to people taking part in regular physical activity is due to the low supply of dietary iron and calcium (Matwiejuk, 2009; Seidler, Gryza, 2006) . Iron is a mineral which deficiency in the body significantly reduces performance during exercise. Iron is the main component necessary for the construction of myoglobin and haemoglobin involved in the transport of oxygen from the lungs to the tissues (Lombardi et al., 2013; Matwiejuk, 2009) . Iron is one of the minerals that intake with diet of physically active people is too low (Lombardi et al., 2013; Seidler, Gryza, 2006) . The purpose of the study conducted by Merritt (2013) was to determine the dietary iron consumption of female recreational marathon runners. In this study mean iron intake by all participants was lower than that of Recommended Dietary Allowance (RDA). The deficiencies of iron are caused mainly by low intake of meat products and its limited bioavailability from plant products. Iron deficiencies are more common for young sportswomen because of its losses associated with menstruation (Burblis et al., 2014; Christensen et al., 2005; Lukaski, 2004) . Furthermore the runners are exposed to erythrocyte haemolysis as a result of mechanical damage of small blood vessels in the lower limbs. Christensen et al. (2005) estimated the supply of some minerals in the diet of Kenyan medium-and long-distance runners. An unusual feature of the diet of Kenyans was very high iron content from an average of 124-178 mg. The main source of iron in their diet were plant products such as maize and beans, which have a low bioavailability of that mineral.
In our study, it was noticed that 8.7% of the diets of women do not fulfil the standards of the EAR for this nutrient. The results obtained indicate the need to supplement the diet of women in iron, which can be obtained through the consumption of at least one meat meal a day. Among the iron sources with the greatest bioavailability the following products may be mentioned: liver (7.5-18.7 mg/100 g), beef (1.3-3.1 mg/100 g), poultry (1.2-2.4 mg/100 g), sardines (2.9 mg/100 g), hen's egg yolk (7.2 mg/100 g) (Kunachowicz et al., 2005) . Bioavailability of iron from vegetable products is greatly increased by the dietary components such as vitamin C, fructo-oligosaccharides or resistant starch. Many sportsmen use supplementation to compensate for the iron deficiencies (Alaunyte et al., 2015; Nieves et al., 2002) . It should be noted, however, that uncontrolled iron supplementation especially for amateur sportsmen is inadvisable. It has been proven, that excessive intake of iron preparations, reduces the concentration of other minerals such as zinc and lead thus increasing production of free radicals and the risk of cancer and heart disease (Gennari, 2001; Lukaski, 2004; Nieves et al., 2002) .
Physical activity is one of the key elements that affect bone mineralization and achieve peak bone mass. Exercise slows down the rate of bone mass loss with age, preventing osteoporosis (Banfi et al., 2010; Zimmermann, 2003) . In some sporting disciplines, including long-distance running, very often an insufficient supply of energy and certain nutrients including calcium is found (Lombardi et al., 2013; Maughan, 1999; Zimmermann, 2003) . Womenathletes who have low oestrogen levels which is also a risk factor for accelerated bone loss are particularly at risk of osteoporosis (Maughan, 1999; Williams, 2005) . Adequate intake of dietary calcium appears to be a key factor in the prevention of osteoporosis, since 99% of the calcium in the body is around the skeletal system. Calcium is involved in many physiological processes associated with muscle contraction. In addition, high-intensity exercise increases the loss in sweat (Zimmermann, 2003) . Demand for calcium in athletes is estimated at about 1200 mg/ day (Celejowa, 2008) . Both in our study and in studies of other authors (Lombardi et al., 2013; Lukaski, 2004; Onywera et al., 2004; Seidler, Gryza, 2006) there was a particularly high proportion of women who did not meet the norm for this mineral. Christensen et al. (2005) showed that calcium intake from diets of elite runners from Kenya, was also very low (577-655 mg/day). These studies, however, suggest that high physical activity can have a more determining role in the development and maintenance of normal bone mass than high calcium intake with the diet. Simultaneously, other studies have shown a positive association with increased calcium intake from the diet with improved bone density and reduction of fractures in runners (Myburgh, 1999; Nieves et al., 2002) . Myburgh et al. (1999) conducted a clinical-control study which evaluated the risk of stress fractures in long-distance runners, depending on the content of calcium in their diet. It was found that in the group of people with fractures dietary calcium intake was lower than in the control group. This group also had significantly lower bone mineral density at the lumbar spine and femoral neck, compared with the control group. Nieves et al. (2002) also studied bone density and frequency of fractures in young runners, to whom a daily intake of additional servings of skimmed milk was recommended. Higher calcium intake with the diet in the form of dairy products and milk positively correlated with a reduction in the incidence of fractures. The risk of fractures in the study group was reduced by 62%. Women who consumed less than 800 mg of calcium per day nearly had a 6-fold increased risk of fractures than other female runners who consumed more than 1,500 mg of calcium per day (Nieves et al., 2002) .
Phosphorus is part of a number of compounds that are involved in energy metabolism of the body. Phosphate salts play an essential role in the use of glucose in aerobic efforts, affecting performance improvement. Through phosphorylation of these compounds, both anabolic and catabolic effects, which lead to the disintegration of molecules of ATP, from release of energy, also occur (Matwiejuk, 2009) . Similarly to the studies of other authors (Burblis et al., 2014; Seidler, Gryza, 2006) , our study also reported exceeding the recommendations in the supply of phosphorus in the DFR of those preparing for the marathon. It should be noted, however, that not only the content of phosphorus in the diet is important, but the molar ratio of phosphorus to calcium as well. The optimum ratio of calcium to phosphorus should be 1 : 1, and more preferably if it corresponds to the values observed in the bones, which are 1.5 : 1. In our study, the ratio of calcium to phosphorus in the diet was invalid, as it stood at 0.6:1 in both the men and women. The unfavourable ratio between calcium and phosphorus, lasting over a long period of time can contribute to weakening of the bone and early osteoporosis in adults (Burblis et al., 2014) .
Magnesium is involved in many metabolic processes by acting as a cofactor and activator of many enzymes. It is a building component of bone and is involved in the metabolism of calcium. It affects the functioning of the muscles such as oxygen uptake and maintaining electrolyte balance. It determines the correct functioning of the neuromuscular system by keeping the electric gradient in the membranes of nerve and muscle cells. Magnesium deficiency intensifies the negative effects of prolonged physical exertion, such as oxidative stress. Magnesium also plays an important role in post-workout recovery (Christensen et al., 2005) . Loss of magnesium is associated with excretion through sweat and urine. The demand for magnesium at EAR is 255-350 mg per day (Jarosz et al., 2012) , but in athletes it may rise to about 480 mg (Celejowa, 2008) . The average intake of magnesium in DFR of the group of subjects examined fulfilled the recommendations for this nutrient. However, attention is drawn to the high percentage of diets of the studied men in which the supply of this mineral was insufficient. Similar results were also obtained by other researchers (Burblis et al. 2014; Onywera et al., 2004) , who demonstrated that magnesium deficiency is a common problem in athletes and significantly affects physical fitness. Deficiency of this mineral can be relatively easily prevented by inclusion in the diet of products that are a good source, such as cereals, legumes, nuts, cocoa, dark chocolate and mineral water that contain more than 50 mg per litre of this mineral.
Zinc is a part of over 300 enzymes. It is involved in the synthesis of nucleic acids and proteins, affects the utilization of glucose as well as insulin secretion. Furthermore it regulates the activities of the endocrine, immune and digestive systems. Because of the many functions of regulating, zinc is a mineral of significant importance during exercise and post-exercise recovery of the body (Christensen et al., 2005) . Most of the zinc, about 60%, is found in the muscle, and about 30% in the bones. Loss of zinc occurs through sweat and urine. The demand for zinc in adults at the EAR is 6.8-9.4 mg daily (Jarosz et al., 2012) and its deficiency occurs relatively rarely, due to the fact that zinc is present in many foods. Deuster et al. (1989) study demonstrated that long-distance runners did not obtain the recommended amount of zinc from their diets. Marginal dietary intake of this mineral affected more women than men, due to increased dietary restrictions in their diet. It should be noted, that the researchers compared their results to the higher recommended ranges of zinc amounting to 13-16 mg/day (Ziemlański, 2001) . Horvath et al. (2000) showed that with the increase of the energy value of the diet and the percentage of energy from total fat, there was also an increase in zinc content in the diets of runners. In our study it was demonstrated that a relatively small percentage of the diets of women and men did not comply with the norm at the level of the EAR (Jarosz et al., 2012) for zinc (<90%; 6.5% of women, 7.6% of men).
Copper is a vital component necessary for synthesis of haemoglobin and certain peptide hormones. Deficiencies of copper are also very rare because of its high prevalence in food (liver, whole grains, legumes, nuts). The demand for this mineral in adults is 2-2.5 mg. In our study, there was no shortage of copper in DFR, which seems to be consistent with the observations of other authors (Tong et al., 2012; Williams, 2005) .
In our study, the average intake of dietary sodium in both the men and women exceeded the reference values. Exceeding the norm for sodium is common among athletes which has also been documented in studies of other authors (Burblis et al., 2014; Pilis et al., 2014; Wierniuk, Włodarek, 2013) . It should be noted, however, that in the case of physically active people, a significant amount of this element is excreted in sweat during exercise, in such amounts ranging from 400-650 mmol/l (Hew-Butler et al., 2006) . It seems, therefore, that the demand for sodium among athletes is higher than in people who do not practise any sport because of the need to compensate for losses incurred during physical activity. During prolonged exercise, significant losses of sodium occur, causing progressive muscle weakness, impairment in maintaining acid-base balance of the body and the electric potential in the nerve cells. In accordance with the recommendations of the Scientific Committee on Food, during prolonged exercise, sodium supplementation is recommended, in the amount of 460-920 mg/l (Scientific Committee on Food Report 2001). However, in the study conducted by Hew-Butler et al. (2006) and Speedy et al. (2002) , it was demonstrated in a group of people involved in a triathlon, that sodium supplementation is unnecessary, because the sodium content of the "Western diet" is sufficient to supplement its deficiencies, even during extreme physical exertion.
In our study, it was observed that the diets of 93.5% of women and 80.3% of men do not fulfil the norm for potassium. Potassium exhibits antagonist activity with respect to sodium and calcium, reducing the amount of extracellular fluid, and increases the permeability of cell membranes and muscle tension. Reduced concentration of this mineral in the blood causes rapid fatigue and muscle weakness. Pilis et al. (2014) and Kasprzak et al. (2006) also noted a deficiency of potassium in the DFR in athletes competing in long-distance and short-distance runs.
In our study, in the evaluation of the mineral content, supplementation was not taken into account. Because it is commonly believed that supplementation should provide nutritional support when the athlete is unable to meet the body's demands for specific components with a balanced diet. In many cases, assisting oneself with supplements has no effect on exercise performance, and often their improper use, particularly among amateurs, has adverse health effects (Aerenhouts, 2012; Rosenbloom et al., 2006; Williams, 2005) . Knechtl et al. (2008) showed that taking vitamins and minerals (magnesium, zinc, iron, calcium) for 4 weeks prior to an ultra-marathon did not affect the achievement of better results compared to those not taking supplements.
A well-balanced diet that provides adequate amounts of vitamins and minerals is essential in order to achieve optimal performance in sports of an endurance nature. People training for a marathon should pay more attention to meeting the energy demand and consumption of high-quality products, rich in minerals. The needs of sportsmen as well as those of amateur sportsmen indicate the need for education in this field in order to improve their eating habits. A properly balanced diet is, in fact, part of supporting the achievement of satisfactory results in competition.
Conclusions
1. It was observed that a low supply of dietary minerals such as potassium, calcium and magnesium may be due to a lack of knowledge in the field of rational nutrition and points to the need for education in this area.
2. Amateurs training for long-distance running may be more vulnerable to shortages of minerals compared to those with low physical activity.
3. Due to the insufficient potassium content in the diets of both women and men preparing for a marathon, more attention should be paid to the intake of foods such as fresh and dried fruits, nuts, seeds, vegetables and potatoes.
